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KEYWORDS Summary While arterial ultrasonography is an established and widely used method, the
venous side of circulation has long been neglected. Reasons for this late interest may be theDuplex sonography;
Internal jugular vein;
Intracranial veins;
Dural sinus
relatively lower incidence of primary venous diseases.
It was not until the mid 1990s that venous transcranial ultrasound in adults was systematically
developed. This paper reviews the extra- und intracranial examination techniques of the cranial
venous outﬂow.
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xamination of the internal jugular vein
he internal jugular vein (IJV) forms as an extension of the
igmoid sinus and leaves the cranial cavity through the jugu-
ar foramen. Similar to the distal part of the internal carotid
rtery, the slight dilatation at the origin of the IJV, called the
uperior bulb, and the proximal part of the vessel cannot be
nsonated due to lack of access because of the mandible. The
JV takes a course vertically down the side of the neck, lying
t ﬁrst lateral to the internal carotid artery, and then lateral
Openo the common carotid. In the venous angle of the neck it
nites with the subclavian vein to form the brachiocephalic
ein. Above its termination it forms a second dilatation, the
Abbreviations: BV, basal vein; dMCV, deep middle cerebral vein;
CV, great cerebral vein; ICV, internal cerebral vein; IJV, internal
ugular vein; MCA, middle cerebral artery; PCA, posterior cerebral
rtery; PRF, pulse repetition frequency; SPaS, sphenoparietal sinus;
PS, superior petrosal sinus; SRS, straight sinus; SSS, superior sagit-
al sinus; TCCS, transcranial color coded duplex sonography; TS,
ransverse sinus.
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Open access under CC BY-NC-ND license.nferior bulb, in which on each side valves are present. While
n the left side the valve is tricuspid in more than 60% of
ases, it is bicuspid in approximately 50% and monocuspid in
pproximately 35% on the right side [1]. These anatomical
ifferences are of importance because the right side is more
requently affected by incompetent valve closure than the
eft.
The ultrasound examination as such is not very demand-
ng using the internal and common carotid artery as a
andmark structure. The equipment and machine settings
re similar to the examination of the carotid artery.
owever, the pulse repetition frequency (PRF) may need
djustment.
Care has to be taken because the vessel can easily be
ompressed even by applying slight pressure on the probe
nd hence mimic stenosis and induce changes of the Doppler
aveform. On the other hand lack of compressibility is one
f the diagnostic criteria for IJV thrombosis. Turning the
ead also leads to caliper changes mimicking stenosis [2].
herefore, a fairly straight head position should be used to
void artifacts and to increase reproducibility.
s under CC BY-NC-ND license.The walls of the vessel exhibit movements dependent
n the respiration; the maximum extension occurs during
xpiration, the minimum during inspiration. On the respi-
atory wall movements faster wall movements caused by
367
Figure 1 Movement of the internal jugular vein valve. The
ﬁgure shows a movement sequence of a valve leaﬂet in the
internal jugular vein. Please note the relatively large movementVenous ultraound
the valves and by the right heart function are superim-
posed.
By following the IJV to the venous angle the valvular
plane is reached. Movement of the valve leaﬂets can be
observed in a longitudinal and transverse examination plane
in B-mode (Fig. 1). The movement of the valve leaﬂets is
heart circle dependent. The valve closes during diastole
when the right atrium transmits pressure to the superior
vena cava. During closure the valve bulges cranially into the
lumen of the IJV causing a short transient spontaneous ret-
rograde ﬂow in the Doppler spectrum. Cranial to the valve
plane the vessel is slightly dilated and ﬂow is slow, so that
cloud-like currents of slowly ﬂowing venous blood can be
observed on B-mode imaging without being pathological.
Not in all persons the IJV valves can be imaged sufﬁciently
because they may be located quite distally behind the clav-
icle. Of course, a trapezoid transducer design is of help.
Effect of body position on the extracranial venous
system
The body position has a profound inﬂuence on the IJVs cross-
sectional area and ﬂow velocities [3]. In the supine position
the IJVs constitute the major cranial venous outﬂow route,
however, in sitting or standing position the IJVs collapse fol-
lowing the hydrostatic pressure drop [4]. Then cranial blood
is drained predominantly via the vertebral venous plexus
[5]. As a consequence, the cross-sectional area of the IJV
decreases from the lying to the upright position.
Internal jugular vein valve incompetence
The strongest connection of IJV incompetence has so far
been reported with transient global amnesia [6]. All meth-
ods for assessment of IJV valve competence have in common
that valve function is examined using a short Valsalva
maneuver. This has to be strong enough to induce a complete
closure of the investigated valve. Sander et al. described
a method which is based on the observation of retrograde
ﬂow in color-mode during a Valsalva maneuver [7]. A sec-
ond method is based on the detection of air bubbles in the
jugular vein that had been administered intravenously just
prior to the maneuver by injecting agitated saline into an
antecubital vein [8].
The most wide spread method utilizes the detection of
a retrograde ﬂow in the Doppler spectrum (Fig. 2) [9]. Even
in competent valves, a Valsalva maneuver leads to a short
reﬂux during valve closure (Fig. 2A). This physiological
reﬂux, with a duration corresponding to the valve closing
time, has to be differentiated from an ongoing retrograde
ﬂow component in insufﬁcient valves. Nedelmann et al.
evaluated a cut-off time of 0.88ms which differentiates
normal valve closure from valve incompetence with reﬂux
with a sensitivity and speciﬁcity of 100% [9]. Using this
method, care has also to be taken to increase the sample
volume size to the size of the IJV because retrograde jet
streams along the venous wall might otherwise be missed.
span.
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Figure 2 Internal jugular vein valve incompetence. (A) Normal ﬁnding. The short reﬂux lasts less than 0.88ms and is caused by
a light,
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tcranial movement of the valve leaﬂets (see also Fig. 1). (B) S
xamination of the vertebral veins
he vertebral veins are part of the outer vertebral venous
lexus. The veins themselves largely follow the course of the
ertebral artery and descent through the ﬁrst to the sixths
ertebral transverse processes, then run free down the neck
o enter the brachiocephalic vein. The opening of the veins
nto the brachiocephalic vein has bicuspid valves [10]. In
rincipal, valve function can be assessed similar to the IJV.
owever, no evaluated criteria exist so far.
xamination of intracranial veins and sinuses
ther than in the extracranial venous system, intracranial
eins and dural sinuses lack any valves. As a consequence,
heir ﬂow direction is governed solely by the current pres-
ure gradient and ﬂow resistance. The location within the
ranial cavity leads to a Starling resistor behavior, i.e.
ntracranial veins and sinuses show a constant outwards ﬂow
s long as the ICP is lower than the arterial inﬂow pressure.
Only those venous structures located in proximity of the
ranial base and in the posterior fossa can be examined
y ultrasound techniques. The most important limitation of
enous ultrasound is the inability to visualize cortical veins
nd the superior sagittal sinus (SSS) in its frontal, mid, and
b
t
i
r(C) marked valve incompetence.
osterior part, except for the portion adjacent the conﬂuens
inuum [11].
For venous transcranial color coded duplex sonography
TCCS) examinations adjustments in the machine settings
re necessary: a low-ﬂow sensitive color program with a
ow wall ﬁlter setting has to be used, the PRF needs to
e reduced, and the color gain has to be increased to the
rtifact threshold.
TCCS examination usually starts in the mesencephalic
xamination plane with the butterﬂy-shaped mesen-
ephalon as a landmark. Adjacent the middle cerebral artery
MCA) the deep middle cerebral vein (dMCV) is constantly
ound and is best insonated in the transition of the M1- to
he M2-segments (Fig. 3A). Flow is directed away from the
robe to the center of the brain.
For imaging of the cavernous sinus inﬂow the trans-
ucer is tilted to the cranial base. Landmark structures
or insonation of the sphenoparietal sinus (SPaS) is the
chogenic lesser wing and for the superior petrosal sinus
SPS) the echogenic pyramid of the sphenoid bone (Fig. 3B).
ormal ﬂow direction of both sinuses is directed away from
he probe towards the cavernous sinus. For depiction of the
asal vein (BV) the transducer is angulated upwards from
he mesencephalic towards the diencephalic plane. The BV
s found slightly cranial from the P2-segment of the poste-
ior cerebral artery (PCA) which both display a ﬂow away
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Figure 3 Ultrasound examination of intracranial veins and sinuses. Abbreviations: dMCV, deep middle cerebral vein; SPaS,
sphenoparietal sinus; SPS, superior petrosal sinus; BV, basal vein; SRS, straight sinus; TS, transverse sinus.
Table 1 Normal values of ﬂow velocities of intracranial veins and sinuses. Flow velocities (FV) are given as range of sys-
tolic/diastolic values in [cm/s]. dMCV, deep middle cerebral vein; BV, basal vein; GCV, great cerebral vein (of Galen); ICV,
internal cerebral vein; SRS, straight sinus; ST, transverse sinus; SSS, superior sagittal sinus; SPaS, sphenoparietal sinus; SPS,
superior petrosal sinus.
dMCV FV 4—15/3—11 SRS FV 6—39/4—27
BV FV 7—20/5—15 ST FV 6—56/5—38
GCV FV 6—32/4—25 SSS FV 6—20/3—14
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RSPaS + SPS FV 27± 17
from the probe (Fig. 3C). The vein can easily be identiﬁed
by its low pulsatile Doppler spectrum.
By increasing the B-mode depth the contralateral skull
becomes visible. Prominent midline structures of the
diencephalic insonation plane are the echogenic double
reﬂex of the third ventricle and the echogenic pineal gland.
The great cerebral vein (GCV) is found immediately behind
the pineal gland with a ﬂow away from the transducer.
In this examination plane the rostral part of the SSS may
be visible. In order to examine the straight sinus (SRS)
the anterior tip of the transducer needs to be rotated
upwards to align the insonation plane with the plane of
the apex of the cerebellar tentorium which possesses an
increased echogenicity (Fig. 3C). The course of the SRS is
directed away from the transducer towards the conﬂuens
sinuum. Proceeding from this transducer position the probe
is angulated downwards again to depict the contralateral
transverse sinus (TS) (Fig. 3D). The frontal and occipital
acoustic bone windows can be used to examine the midline
venous vessels (ICV, GCV, SRS).ICV FV 7—22/4—16
ormal values and reproducibility
ormal values for venous ﬂow of intracranial veins and
inuses velocities are summarized in Table 1. In healthy
ontrols the detection rates of the deep cerebral veins
dMCV, BV, GCV) is high, however, variable insonation rates
ave been reported for the posterior fossa sinuses [12]. The
eproducibility and interobserver reliability of venous mea-
urements are comparable to those in the arterial system
13].
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